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Objective

This procedure provides a consist@notocol for theevaluation othe performance of an
electric vehicle’sbattery charger, and that chargeaklility to satisfactorily recharge a
vehicle’s battery from any state of discharge in less than twelve hours..

Purpose

The purpose othis procedure is to provide a tracealdeantifiable methodologfor the
collection and evaluation of electwehiclecharger dataThis activity is meant to quantify
results obtained from operation thfe battery chargevhen charginghe batteryfrom a
complete discharge and when operatinghim float mode. Tests afther subsystems or
portions of individual subsystems are addressed by other Test Procétisessting and
data acquisition meetsthe requirementsspecified in the EV America Technical
Requirements.

Documentation

Documentation addressed by tpi®cedureshall beconsistent, easy tonderstandeasy
to read, andeadilyreproducible. This documentatishall contain enough information to
“stand alone”; that is, be self-contained to the extentahatdividuals qualified taeview

it could be reasonably expected to reach a common conclugithrgut the need to
review additional documentation. Review and approvakstdocumentatiorshall be in
accordance with ETA-AC004, “Review of Test Resul&tdrageand retention of records
during and followingesting activitieshall becompleted as described Rrocedure ETA-
ACO001, “Control, Close-out and Storage of Documentation.”
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Prerequisites

4.1

4.2

4.3

4.4

4.5

Personnel conducting testing under tphiecedureshall be familiarwith the

requirements of thigrocedure asvidenced by Certification byhe Program
Manager or Test Managegny applicableSAE Test Instructionsand the
Administrative Control Procedures, prior to commencing any testing activities.

Overallerror inrecording orindicating instrumentshall not exceed +2% of the
maximum value of the variable being measured, unlestherwise excepted.
Periodic calibratiorshall beperformed and documented to ensure compliaritte
this requirement. [Thisrror valuedoes notapply to instrumentation permanently
installed by the manufacturer that is required by the RFP.]

A list of all instrumentationsed in theestshall be identified on Appendix A, and
attached to the test results. It shall include the following information:

4.3.1 Manufacturer

4.3.2 Model Number

4.3.3 Serial Number

4.3.4 Last Calibration date

4.3.5 Next Calibration date

Any deviation fromthe test procedurand the reason for th#eviationshall be
approved in advance by the Program Manager or Test Manager in accamthnce

ETA-AC002, “Control of Test Conductnd sonoted on the appropriate data
sheet(s).

Necessary recording equipmshgll be installed in a manner thdges notinder
vehicle operation or alter the operating characteristics of the vehicle.
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5.0 Measurement of Battery Charger Parameters

The battery chargershall beevaluated for theiability to recharge the m@in propulsion
battery in less than twelve hours, thpower factor,their effect on supply lingpower
quality, andthe TotalHarmonic Distortion(THD) introduced by the chargeBeveral of
these evaluations are completed concurrently, and are described in the following sections.

5.1 Measurements of thellowing parametersshall beperformed to complete the
charger evaluations.

5.1.1 AC input voltage
5.1.2 AC input current
5.1.3 Battery voltage
5.1.4 DC current.

5.2  The measuring system shall have three main components:

5.2.1 Sensors,including potential transformers and AC and DC current
transformers.

5.2.2 Signal conditioners, including isolation amplifier and attenuator.
5.2.3 Data acquisition system (LabVIEW)

5.3  AC Input Parameters

The input AC parametershall bemeasured using a potential transformer and
current transformer. The potential transfornfeil) shall have aatio of 4:1 to
reduce the line-to-neutral voltage. The voltage signal shall be further reasingd
attenuation through an isolatiamplifier. The output of theamplifier shallthen be

fed to the acquisition system. The AC lineurrentshall be measured using a
clamp-on current transformer (CT)with a ratio of 1000:1 and #&equency
response of DC to 400Hz. On the secondaatg ofthe CT, a resistowith a value

of 10Q, a 10@, or 100@ shall beconnected, in order tobtain a measurable
voltage drop. This voltage will be proportional to the line current and will be fed to
the data acquisition system.

5.4 DC Output Parameters

The DC voltage of the batteshall bemeasured usinthe proper attenuation in
the isolation amplifier.The DC currenshall bemeasured using an AC/DC CT.
The CT shall have at2V analog output which will be directly fed to the
acquisition system, with a frequency response of 0 to 2 kHz.

The signalsarefirst passedhrough a signatonditioning andamplifier unit which
provides thenecessary signal leveler compatibility withthe A/D converter. The
programshall sample at a frequency of laast 21.6 kHzacquiring at least 720
points perchannel, and covering at leaato cycles ofthe 60 Hz waveformThis
sampling frequency W ensure adequate resolution for the poweprality
measurements.
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Usingthe collectedsamplesthe required parametesball becalculated every 30
seconds and stored in a data file. The following parameters shall be calculated:

5.5.1 Vmsof the AC input voltage

5.5.2 Ins0f the AC input voltage

5.5.3 THD of the AC input voltage

5.5.4 THD of the AC input current

5.5.5 AC active power

5.5.6 Harmonic power

5.5.7 Total apparent power

5.5.8 Harmonic apparent power

5.5.9 True power factor

5.5.10 Displacement power factor

5.5.11 Battery voltage

5.5.12 DC value of the charging current

5.5.13 Ripple factor of the charging current

5.5.14 Ampere-hours

5.5.15 Watt-hours

5.5.16 Charger efficiency (DC power out / AC power in)

These datahall besaved in columns along withetime stamp, to besed to plot
the requiredvaveforms as a function of timBowerquality calculationsuse the
fundamental components ofhe voltage and current. Theskindamental
componentsshall be calculated usingthe Fourier series expansion. Through
operator control, thacquired datahall also be saved in a separéte to allow
plotting of the input voltage and current waveforrigis function should be

performed at various times the charging cycle, includinghe beginning, mid-
point and end.

Determination of the End of Charge Point for Vehicle Batteries.

The vehicle manufacturer shall have provided the data indicating the painicht
the main propulsion batteries affally charged in their proposarhis datacan also
be obtained fronthe information collected duringhe completion of procedures
ETA-ACO006, “Velicle Verification,” and ETA-TPO011, “Receipt Inspection,”
(which used the manufacturer’s Proposal as a source document).

It is conceivable, however, thatvahicle manufacturer hasot or cannoprovide
this data. Forexample, this couldccurwhenthe car is a prototype akfined by
the EV America RFP. In this situationall of the following of criteria shall be
satisfied prior to declaring the battery fully charged (100% SOC).
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5.6.1 The Battery PacKharging Voltage hastoppedincreasing and haseen

5.6.2

5.6.3

stable to withinone volt for aminimum ofone (1) hourdetermined by a
minimum of seven (7) consecutive readings takemnamum of 10 miites
apart, AND

The Battery PackhargingCurrent hastoppeddecreasing and hdseen
stable to withinrone ampere for minimum ofone (1) hourdetermined by
a minimum of seven(7) consecutive readings takennainimum of 10
minutes apart, AND

The charger indicator shows that the charge is completemay be a
meter reading, a light, a beeper,tbe charger turning off, aspecified by
the manufacturer.
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6.0 Battery Charger Evaluation

This section provides detail on conductitite evaluation ofthe chargercapability.
Perform the following:

6.1.

6.2

6.3
6.4
6.5

6.6
6.7
6.8
6.9

Discharge the min propulsion battery to theninimum SOC allowed by the
manufacturer. This point should be obtained from the manufacturer’s Proposal.)

Within two hours of completing Step 6.1, place the vehicle on charge in
accordance witlprocedure ETA-TP008, “Battery Charge.” Record tinge the
charger supply disconnect is closed per ETA-TP0O0S.

Monitor the AC and DC parameters during the entire charge period.
Determine the end of charge per Section 5.5 of this procedure and note the time.

Note theime the vehicle indication ofull charge(if this time is different from the
method specified in Section 5.5) shows the batteries fully charged.

Charge for 13 hours or until section 6.4 and 6.3 are complete

Verify the time to full charge is less than 12 hours by reviewing the stored data.
Verify the maximum current was less than 40 Amps at all times.

Plot the parameters listed in Section 5.5.1 of this procedure.
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7.0 Charging Efficiency

This section Wil determinethe efficiency ofthe chargerwhen measuredver aspecified
set ofactivities.For this effort,the energy required bthe charger to return andaintain
the propulsion battery in fll state of charge W be determined. Thevehiclesrange
through the Rough Road Test (ETA-TPOOT) mrovide thebasisfor discharge. Conduct
the testing as described below.

7.1

7.2
7.3

7.4
7.5

7.6

7.7

7.8

Immediatelyprior to commencinghe first phase oETA-TP007, read and record
(per ETA-TP008) the supply side kWh meter value for the vehicle being tested.

Complete the first days testing per ETA-TP007.

Immediatelyprior to commencingthe second phase of ETA-TP007, read and
record (per ETA-TP008) thsupply side kWhmeter valugfor the vehicle being
tested.

Complete the second days testing per ETA-TP007.

No later than 8 AM on thmorning followingthe completion of the secomthase
of ETA-TP007, read ancecord the (per ETA-TPO008) tiseipply side kwh meter
value for the vehicle tested.

From the test logs, determine the totdésdriven duringthe completion of ETA-
TPOO7.

NOTE
The values calculated in Steps 7.7 and 7.8 are recorded only on the Data Sheet.
Using this mileage, arttle totalkWh-AC used bythe charger during thisvo day
period, calculate the miles per kWh-AC as follows:
Miles per kWh-AC = (Total Energy Returned / Total Miles Driven)

Usingthe Miles per kWh-AC calculated irStep 7.7,and a giverrate of 10¢ per
kWh-AC (an averageéaily ratesans demand charges), calculdte cost pemile
to charge as follows:

Cost per Mile = (10¢ per kWh-AC / Miles per kWh-AC)
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Glossary

8.1

8.2
8.3

8.4

8.5

8.6

8.7

8.8

8.9

8.10

Effective Date - The date, aftewhich the procedureéhas been reviewed and
approved, that the procedure can be utilized in the field for official testing.

Orthogonally - As used here; consisting ofxhgand z axes (three dimensional).

Program Manager - As used in this procedure, the individual within Electric
Transportation Applications responsible for oversight of the EV America
Performance Test Program. [Subcontract organizations may have similarly
titled individuals, but they are not addressed by this procedure.]

Shall -ltemswhich require adherence without deviatid®hall statementsdentify
binding requirements. A go, no-go criterion.

Should - Itemswhich require adherence if all possible. Should statements
identify preferred conditions.

Snapshot - A termgiven to the time frame that normally accompaniessiagle
event or a number afoncurrent eventdJsually indicates aepetitive series of
events is occurring or is meant to occur.

State ofCharge (SOC) - Fathis testingthe SOC of a battery gdefined as the
expected residual battery capacity, expressed in amperes-howegtdrours or
miles, as apercentage of the totalvailable.The 100% SOCbasis (available
ampere-hours, kilowatt hours aniles) is determined by the actualischarge
capability ofthe main propulsion battery when dischargedthe requirements of
the 45 mph Constant Speed Range Test portion of procedure ETA-TP004.

Test Director - The individual within Electric Transportation Applications
responsible for all testing activities associated with the EV America
Performance Test Program.

Test Director’s Log - A daily diary kept by the Test Director, Program
Manager, Test Manager or Test Engineer to document major activities and
decisions that occur during the conduct of a Performance Test Evaluation
Program. This log is normally a running commentary, utilizing timed and dated
entries to document the days activities. This log is edited to develop the Daily
Test Log published with the final report for each vehicle.

Test Engineer - The individual(s) assigned responsibility for the conduct of any
given test. [Each contractor/subcontractor should have at least one individual
filling this position. If so, they shall be responsible for adhering to the
requirements of this procedure. ]
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8.0 Glossary (continued)

8.11 Test Manager - The individual within Electric Transportation Applications
responsible for the implementation of the test program for any given vehicle(s)
being evaluated to the requirements of the EV America Performance Test
Program. [Subcontract organizations may have similarly titled individuals, but
they are not addressed by this procedure. ]

8.12 Time Stamp - The arbitrary time zerg) @enoting the beginning of an event.
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9.0 References

9.1
9.2

9.3
9.4
9.5
9.6

9.7
9.8
9.9
9.10
9.11

EV America Technical Requirements

IEEE-450 1987, “Recommended Practices for Stationary Lead Acid Storage
Batteries”

ETA-ACO001, Revision 2“Control, Close-out and Storage of Documentation”
ETA-AC002, Revision 2*“Control of Test Conduct”
ETA-AC004, Revision 2 - “Review of Test Results”

ETA-ACO005, Revision 2 - “Training and Certification Requirements for
Personnel Utilizing ETA Procedures”

ETA-AC006, Revision 2 - “Vehicle Verification”

ETA-ACO007, Revision 1 - “Control of Measuring and Test Equipment”
ETA-TP0O03, Revision 2- “Electric Vehicle Energy Consumption and Range Test”
ETA-TP004, Revision 3 - “Constant Speed Range Test”

ETA-TP011, Revision 1 - “Receipt Inspection Procedure”
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APPENDIX-A

Electrie 7m:w,éaum‘cm ;4,@,&&%0@4 Vehicle Metrology Setup Sheet
(Page 1 of 1)
Vehicle Number:

Instrument/Device: Calibration Due Date: Initials / Date:

Comments (initials/date):

Completed By:

(Printed Name) (Signature ) (Date)

Reviewed By (QA):

(Printed Name) (Signature) (Date)

Approved By:

(Printed Name) (Signature) (Date)
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